symbolized
as Da, is found to be located at 24.9 of chromosome 2 (Minamori and Sugimoto 1973) . These findings suggest that delta may be a gene-product.
If this is true, the information for delta may be transmitted in a dual way: chromosomally and extrachromosomally.
2) Two variants of delta, [b] and [r] , are known (Minamori 1971), and they are assumed to be a product of multiple-alleles of the gene Da; [delta b] is produced by Dab and [delta r] by Dar. Dab is carried by a sensitive chromosome symbolized by Sb and an insensitive chromosome symbolized by 1Db. Dar is carried by a sensitive chromosome symbolized by 5r. [Delta b] kills Sb/Sb and 5b/5r zygotes, and [delta r] kills Sr/Sr but not 5b/5r zygotes (loc, cit.). 3) [Delta b ] is observed to be a necessary element for the gametogenesis of a certain IDb chromosome line (Minamori and Ito 1972) . In a natural population Da alleles are maintained at a high frequency (average 30%; Minamori et al. 1970 Minamori et al. , 1973 ; hence, a polymorphism is established as to Da locus in the population.
Delta appears to have been maintained for a longer period in the evolutionary process and to become a normal component of the genetic system of the fly. 4) A most characteristic nature of delta may be its mutagenic action to chromosomes.
[ The frequency estimated with three 2nd chromosome lines was 1.47%, being 3.6 times the spontaneous mutation rate (0.41%). The distribution of lethals along the chromosome was not at random; most lethals (82%) were located on the right arm and, moreover, concentrated near Lobe region (50%; L, 2-72.0).
A similar distribution pattern was observed by Gershenson (1965) in lethals induced by feeding calf-thymus DNA to Drosophila larvae. He found that the same agent did not increase markedly the frequency of sex-linked lethals.
The same result was obtained by Mathew (1965) in experiments employing the same procedure, and by Gershenson et al. (1971) in experiments inoculating viruses or injecting DNA's extracted from the viruses which are non-infectious to the fly. In the present study an attempt was made to clarify whether or not [delta b] ; is similar to the biopolymer in its mutagenicity for X chromosomes.
The results disclosed that
[delta b] did not increase significantly the frequency of lethals.
MATERIALS AND METHODS
In the present study [delta b]'s retained by four sublines of IDb-4 5 chromosome which had been employed for estimation of lethal mutation rates induced on 2nd chromosome were also used. The IDb-45 chromosome steadily retains [delta b], but is insensitive to this delta. Twenty-four X chromosome lines (Table 2) were examined as to their lethal mutation rates in the presence of [delta b]; 19 were extracted from wild flies collected in Hiroshima City, and the other 5 were carried by laboratory stocks (0-1, Or-R, cn bw, Iso-Amherst, Cy/Pm).
All these X chromosome lines retained no delta.
The When all X chromosomes recovered from a single female were lethal, these mutants were omitted from the data. For the estimation of spotaneous mutation rate, X chromosomes carried by M5/X; Cy/Pm females which retained no delta were tested for their viability.
Flies were cultured in an incubator kept at 25±1°C. (Gershenson 1969; Gershenson et al. 1971 ). An appreciable variation was observed among frequencies of lethals induced on 24 X chromosome lines, ranging from 0 to 0.30% (Table 2 ). However, it was not admitted to be heterogeneous (x2=18.65, d.f.=23, 0.75>P>0.50).
RESULTS AND DISCUSSION
In the course of experiment visible mutants were also obtained: six yellows, three whites, and one vermilion.
Moreover, one lethal cluster and two visible clusters (one yellow, and one white) were obtained. These mutations appear to have been induced in premeiotic stages.
As mentioned above, all the 24 X chromosome lines tested were shown to be not mutable in the presence of [delta b]. This result sharply contrasts with that obtained with 2nd chromosomes (Minamori and Ito 1971) in which only three lines were tested and all these lines, respectively, showed significantly higher mutation rates in the presence of [delta b]. It is now clear that X chromosomes differ from 2nd chromosomes as to their mutability to [delta b]. The origin of this difference may be explained from the aspect of natural selection.
The maintenance of variation is necessary for the survival of populations under changing environment.
In fact, natural populations are observed to contain an enormous amount of variation.
However, the maintenance leads to an inevitable production of ill-adapted individuals-the reduction of fitness of the population. Therefore, an extremely high and an extremely low mutation rate would be both unfavorable for the survival of the population. The mutation rate may be a plastic trait which can undergo rapid adaptive changes in the process of evolution.
Natural selection will strike a compromise between the variability and the reduction of fitness, consequently an optimum mutation rate may be established in individual populations (Kimura 1960) . The spontaneous mutation rate may reflect such an optimum rate.
The comparison of mutation rates between X and 2nd chromosomes has been made by many authors.
The data reported hitherto with D, melanogaster are summarized in Table 3 , and classified into mutations arising spontaneously, and those induced by irradiation, chemicals, viruses, DNA's and [delta b]. To make a comparison, the ratio of the frequency of lethals on X chromosomes to that on 2nd chromosomes was obtained (symbolized as XJII). The ratio is expected to be about 50% under the assumption that mutation rates are proportional to chromosome length. However, as shown in the table, it is generally lower than expected, especially in [delta b]-induced lethals.
With respect to natural selection, the important difference of X from autosomal chromosomes is that one-third of the former would be exposed, due to hemizygosity in males, to In contrast, only square of the frequency of individual lethal allele on autosomes would become homozygous and be selected. Berg (1937) predicted that, since X chromosomes are more unfavorably selected than 2nd chromosomes, the mutable X chromosomes would be eliminated from the population, and then the mutation rate on X chromosomes may become lower. Her prediction was ascertained to be true in X-ray irradiation experiments (Table 3, B) . As shown in the table, there is a variation among ratios X/II obtained by different mutagens.
On an average, the ratio is 14.1% in spontaneous, 38.5% in irradiationinduced, 34.4% in chemicals-induced, 36.2% in virus-induced, 16 .4% in DNA-induced and 5.4% in [delta b]-induced.
These mutagens can be grouped into two: those show- In natural populations, flies may seldom be exposed to X-ray and mutagenic chemicals in high dose, or not infected with viruses shown in Table 3 , D. Accordingly, X chromosomes appear not to have been selected by these mutagenic agents in the evolutionary process.
However, delta appears to have operated as a selecting force for the chromosomes.
The reason is that delta appears to be an indispensable element for fertility of a certain chromosome line, and Da gene which is assumed to produce deltas is polymorphic in a natural population.
In the evolutionary process, X chromosomes carrying mutable loci for delta would be eliminated, and ultimately unmutable chromosomes have spread in the population. As noted earlier, delta is a striking mutagen for 2nd chromosome inducing lethal and visible mutations, chromosome elimination, translocations and recombination. If the hypothesis that delta is a gene-product is valid, delta is a gene-produced mutagen : a mutagen produced by the fly itself.
It is predictable that various kinds of such a mutagenic agent may exist in Drosophila flies and other organisms.
The mutagenic nature of DNA's found by Gershenson (1965) , Mathew (1965) and Gershenson et al. (1971) , though these DNA's are foreign to the fly, suggests that some of the above agents may be associated with some extrachromosomal DNA's. Such an agent might select against mutable X chromosomes. Thus, the chromosomes which survived may show a lower mutation rate in the natural condition (spontaneous) or when they happen to fall in with foreign DNA's and/or their derivatives.
An extreme reduction in the ratio X/II of tipula iridescent virus by employing its DNA (Table 3 , E) appears to favor the above view. The similarity of delta to calf-thymus DNA or virus DNA in mutagenicity for X and 2nd chromosomes permits us to infer that delta may be an agent associated with some extrachromosomal DNA or with its derivatives.
SUMMARY
In a previous study (Minamori and Ito 1971 ) the extrachromosomal element [delta b] was shown to induce recessive lethal, semilethal and visible mutations on 2nd chromosomes.
In this study the mutagenic action of this delta to X chromosomes was examined.
The frequency of recessive lethals induced was 0.08%, being four times the spontaneous mutation rate (0.02%). The difference, however, was statistically insignificant.
Accordingly, the conclusion may be that [delta b] has no effective mutagenicity for X chromosomes. The differential behaviors of X and 2nd chromosome to mutagenicity of [delta b] were discussed from the aspect of natural selection. 
